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ASTP lzASS PROPERTIES DATA COOK 
PREFACE 
This document i s  the  i n i t i a l  i ssue o f  the ASTP Mass Proper t ies  Data Book. 
Amendments released subsequent t o  p u b l i c a t i o n  o f  t h i s  Mass Proper t ies 
Data Book w i l l  be numbered s e q u e n t i a l l y  s t a r t i n g  w i t h  number 1. 
ASTP mass proper t ies  contained i n  t h i s  data book have been updated and 
supersede those p r e v i o u s l y  pub1 ished i n  Volume 111, CSM/LM Spacecraf t  
Operat ional  Data Book, Revis ion 3. 
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1 .o INTRODUCTION 
1.1 SCOPE 
The complete Operational Data Book f o r  the ASTP mission will c o n s i s t  
o f  two s e p a r a t e  volumes. These are def ined  a s  follows: 
Volume I - CSM/DM Data Book 
P a r t  1 - Cons t r a in t s  and Performance 
Part 2 - Launch Mission Rule Redlines 
Volume I 1  - Mass Properties Data Book 
Volume I presents ope ra t iona l  information on the c a p a b i l i t i e s  and 
l i m i t a t i o n s  of the s p a c e c r a f t .  A b r i e f  d i scuss ion  o f  the purpose and 
scope o f  Volume I1 follows: 
1.2 PURPOSE 
The purpose o f  this document is t o  provide s p a c e c r a f t  mass p r o p e r t i e s  
da t a  f o r - u s e  i n  the mission-planning a c t i v i t i e s ,  t r a j e c t o r y  documentation, 
and mission s imula t ions ;  and t o  provide a l l  necessary information and 
documentation for consumable loading. The da ta  contained herein represent 
the la tes t  p r e d i c t i o n s  f o r  the launch conf igu ra t ion  mass p r o p e r t i e s  and 
consumable loadings.  Updates t o  these da ta  will be provided based on 
t h e  ac tua l  weight and balance d a t a  f o r  each s p a c e c r a f t .  Mass p r o p e r t i e s  
da t a  will be maintained and updated through the ac tua l  consumable 
1 oadi ng . 
Sect ion  2.0 presents r e l e v a n t  s p a c e c r a f t  con f igu ra t ion  drawings and 
s t a t i o n  l o c a t i o n s  which should be used for determining l o c a t i o n s  o f  
var ious  s p a c e c r a f t  components and the r e l a t i o n s h i p  t o  coord ina te  systems 
i n  the launch and docked conf igura t ion .  
the mass proper ty  equat ions ,  d e f i n i t i o n s  , and assumptions used i n  pre- 
par ing  the sequen t i a l  mass p r o p e r t i e s  presented i n  Sec t ion  3.0. 
the ASTP mission. 
erties by event  from launch through normal entry, launch a b o r t  mass 
p r o p e r t i e s ,  t abu la r i zed  mass p r o p e r t i e s  f o r  each main engine burn  a s  a 
func t ion  of s p a c e c r a f t  weight,  and a d e t a i l e d  l i s t i n g  o f  a l l  equipment 
t r a n s f e r r e d  between modules and/or rearranged during the mission. 
Also inc luded  i n  t h i s  section are 
Sec t ion  3.0 presents mass p r o p e r t i e s  and consumable loading d a t a  f o r  
Included i n  this section a r e  the p red ic t ed  mass prop- 
Sec t ions  4.0 and 5.0 conta in  consumables mass proper ty  da t a  and 
mission independent consumable loading  information f o r  the CSM and DM, 
respectively . 
Table 1-1 provides abbrev ia t ions  and acronyms used w i t h i n  this volume. 
MSC-07765 (VOL. 11) 
1-1 
1 . 3  AMENDMENTS 
Amendments t o  this document will be made by page additions, deletions, 
o r  replacements. Data changed by an amendment will be denoted by an 
amendment number and date i n  the upper right-hand corner of the page. 
Any need f o r  additional data  or t o  depart from the use of data  con- 
tained i n  the Operational Data Book volumes during operational planning 
and analysis a c t i v i t i e s  should be brought t o  the a t ten t ion  of t he  Opera- 
t i o n a l  Data Branch, Integration Division, Program Operations Office, 
Manned Spacecraft Center. 



































TABLE 1-1 . SELECTED ABBREVIATIONS AND ACRONYMS 
Ac ti va ti on 
A c q u i s i t i o n  
A1 i gnmen t 
Angle 
Apollo/Soyuz Test P r o j e c t  








Comand Module P i l o t  
Command Serv i  ce Module 
Communication 
Concentr ic Sequence I n i t i a t i o n  
Constant Wear Garment 
Contai ner  
Data Storage E l e c t r o n i c  Assembly 




Earth O r b i t  I n s e r t i o n  
Electrical 
Environmental Control  Un i t  




Ext ravehicu lar  
Forward 
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HASS 
I N D I C  
INFLT 
I CG 





















TABLE 1-1 , (CONTINUED) 
Hasselblad 
I n d i c a t o r  
I n - F l i g h t  
I n - F l i g h t  Coveral l  Garment 
In t raveh i  cu l  ar 
J e t t i  son 
Launch Escape System 
Launch Escape Vehicle 
Launch Vehic le  
L e f t  Hand 
L e f t  Hand Equipment Bay 
L i  qu i  d 
Main Chute 
Mechanism 
Not Avai 1 ab1 e 
Number o f  O r b i t  - 
Catch-Up ( F i r s t  Phasing Maneuver) 
Number o f  Perigee - 
Catch-Up Maneuver (Second Phasing Maneuver) 
Number o f  O r b i t  - 
Cor rec t ive  Combination Maneuver 
Number o f  Common Planar Node - 
P1 ane Change Maneuver (Re1 ated t o  Apogee 
Number as Other Maneuvers) 
Number o f  O r b i t  - 
S1 ow Rate Catch-Up I n i t i a t i o n  
Oxygen Purge System 
P a i r  
Pressure Garment Assembly 
Procedure 
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Radi a ti on 
Reaction Contro l  System 
Re1 oca t i on 
Res t r a i  n t 
R i  ght  
Right  Hand 
Right  Hand Equipment Bay 
Root Sum Square 
Scissors 
Separat ion 
Serv ice Module 
Serv ice Module LM Adapter 
Serv i  ce Propul s i  on Sys tem 








To Be Determined 
Terminal Phase I n i t i a t i o n  
Transposi t ion 
Transposi t ion and Docking 
Umbi 1 i c a l  
Upper 
Upper Equi prnen t Bay 
Urine C o l l e c t i o n  Transfer  Assembly 
Waist Tether 
With 
bli t h o u t  
X FR Transfer  
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2.0 CONFIGURATION 
T h i s  s e c t i o n  provides r e l e v a n t  s p a c e c r a f t  con f igu ra t ion  drawings, 
s t a t i o n  l o c a t i o n s ,  and l o c a t i o n  o f  var ious  s p a c e c r a f t  components. 
Re1 a t i o n s h i p  o f  coord ina te  systems i n  t h e  1 aunch and docked conf igu ra t ion  
f o r  t h e  CSM, docking module, and Soyuz vehicles a r e  a l s o  provided. Ad- 
di t i o n a l l y ,  the mass proper ty  equat ions  and assumptions u t i l i z e d  i n  
preparing the mission sequent ia l  mass p r o p e r t i e s  i n  Sec t ion  3 a r e  
s p e c i f i e d .  Data a r e  presented i n  the following c a t e g o r i e s  and order :  
1 .  







Mass Property Equations and Assumptions 
Saturn-1B Outboard Profiles and Reference Dimensions 
LES, CSM, DM, and SLA Outboard P r o f i l e s  and Reference 
Dimensions a t  Ear th  Launch 
Soyuz Outboard P r o f i l e s  
Apollo Docked/Stacked Coordinate System Rela t ionship  
CSM, DM, and Soyuz Coordinate System Rela t ionship  a t  CSM/ 
DM/Soyuz Docking 
CSM Consumables Tank Locations and Engine Thrust Angles 
DM Consumables Tank Locations 
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TABLE 2-1. MASS PROPERTI'ES EQUATIONS AND DEFINITIONS 
Explanation of equations ut i l ized for  calculating mass properties 
' 
presented i n  Section 3 .  
Define a right-handed three-dimensional coordinate system. 
a composite r i g i d  body consisting of N d i s t i nc t  parts w i t h  the following 
definitions for  the jOth pa r t ,  j = 1 ,  . . . , N .  
Consider 
w *Weight of jzth part  
x x-coordinate of the center of gravity o f  the jcth part  
y;: y-coordinate of the center of gravity of the jcth part 
j .  
j '  
J 
z z-coordinate of the center of gravity of the jcth part 
Ixx 
j '  
Moment of i ne r t i a  of the jcth part  w i t h  respect t o  the l ine  
j *  passing through i t s  center of gravity and parallel t o  the 
x-axis 
passing through i t s  center o f  gravity and parallel t o  the 
y-axis 
Iyyj: Moment of iner t ia  of the jcth par t  w i t h  respect t o  the l ine  
Izz' Moment of iner t ia  of the jOth part  w i t h  respect t o  the l ine  
j '  passing through i t s  center of gravity and parallel t o  the 
Ixyj: Product of iner t ia  of the jcth part  w i t h  respect to  the l ines  
z-axis 
parallel  t o  the x and y axes and passing through i ts  center 
of gravity 
Iyzj: Product of 
parallel t o  
of gravity 
Ixz Product of 
j *  parallel  to  
of gravity 
ner t ia  of the jcth part  w i t h  respect t o  the l ines  
the y and z axes and passing through i t s  center 
ner t ia  of the jz th  part  w i t h  respect to  the l ines 
the x and z axes and passing through i t s  center 
For purposes of c la r i f ica t ion ;  i f  the jcth body occupies the region 
V .  and p . ( x ,  y ,  z )  i s  i t s  weight per u n i t  volume a t  a p o i n t  x ,  y ,  z i n  V 
then the preceding moments of iner t ia  are  defined by the following integrals:  
j '  J J 
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4 * 
TABLE 2-1 I (CONTINUED) 
IXZ = SSJ(x-xj) (2-2.)  P.(X,Y,Z) dx dy dz 
j J J  
"j 
The mass charac ter is  t i c s  o f  the  composite body a re  there fore :  
TOTAL WEIGHT OF COMPOSITE BODY 
n 
j = l  j 
w = c  w 
CENTER OF GRAVITY OF COMPOSITE BODY 
n - 1  n 1 z = - c w . z  
n 
W j = 1  c w j  x j *  Y=; j= l  c w j  Y j ,  W j=1 J j  - 1  )( =- 
MOMENTS AND PRODUCTS OF INERTIA OF COMPOSITE BODY 
These moments and products of i n e r t i a  a re  w i th  respec t  t o  the  
coord inate system obta ined by a s imple t r a n s l a t i o n  o f  t he  o r i g i n  o f  the  
i n i t i a l  coord inate system t o  the  center  o f  g r a v i t y  of the  composite body. 
- (y-2 + z-2)w I x x  = 1 X X j  + c (yj + Z j )  w j  2 2  n n 
j=l j = l  
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TABLE 2-1 (CONTINUED) 
Ixx-A -1xy - I x z  
- I x y  Iyy-A -1yz 
-rxz -IYZ 122-A 
n 
j = l  j = l  
= 0 
- (x-2 + y-2) w ( X j  = yj) w j  n 2 2  
n 
I z z  = c I Z Z j  + 
j=1 j = l  
n n 
I x y  = l x y j  f x .  y .  w - ii j w j = l  j = l  J J j  
' n  n 
I y z  = c l y z j  + c y .  2 .  w - j z w 
j = l  j = 1  J J j  
n n 
1x2 = c I X Z j  + c x .  z .  w - j i  z w 
j = 1  j=1  J J j  
MOMENTS OF INERTIA WITH RESPECT TO THE PRINCIPAL AXES 
By means o f  the  preceding equations we can compute each e n t r y  i n  
the  i n e r t i a  m a t r i x  A which i s  de f ined by 
I x x  -1xy -1xz 
-1xz -1yz 122 
-1xy Iyy -1yz) 
The i n e r t i a  m a t r i x  A can be shown t o  be p o s i t i v e  semidef in i te .  I n  f a c t ,  
A i s  a p o s i t i v e  d e f i n i t e ,  except when the  composite body i s  a one-dimen- 
s.iona1 spread o r  rod. 
ass,ume t h a t  A i s  p o s i t i v e  d e f i n i t e .  
determinant of A i s  p o s i t i v e .  
Ru l ing  o u t  t h i s  p o s s i b i l i t y  i n  p rac t ice ,  we can 
It t h e r e f o r e  fo l lows t h a t  the  
The c h a r a c t e r i s t i c  equat ion f o r  the eigenvalues A o f  A i s  s imply  
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I x x  -1xy 
- I x y  I Y Y  62 
TABLE 2-1 ’(CONTINUED) 
I x x  -1xz IYY - I Y  z 
- 1x2 I z z  - I y z  I z z  , 
t + 
which i s  equ iva len t  t o  the cubic  equat ion 
63 
A 3 - B 1 h  2 + B 2 h + B 3 = 0  
I x x  -1xy -1xz 
-1xy IYY -1YZ 
-1xz -1yz I z z  . 
The roo ts  o f  the  cubic  equation, BI, - *51y-, 2BIZ., a re  the  mo- 
merits of i n e r t i a  o f  the composite body with respect  t o  i t s  p r i n c i p a l  axes 
xc,  y#, z’. 
e igenvectors f o r  t h e i  r respec t ive  e i  genval ues. 
The d i r e c t i o n s  o f  t h e  axes a r e  g iven by the  orthonormal 
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TABLE 2-2. COORDINATE SYSTEM NOTATION DEFINITIONS 
Apol l o  Spacecraf t  Coordinate System (A6) 
The Apol lo  spacecra f t  coord inate system o r i g i n  i s  l oca ted  1000 inches 
below the CM heat  s h i e l d  ou ter  mold l i n e  on the launch veh ic le  X-axis. 
The +X-axis i s  toward the  CM nose, the +Z-axis i n  the  d i r e c t i o n  of 
the  crew’s fee t ,  and the  +Y-axis forms a r ight-handed system. 
(Reference I E D  50401, dated 15 J u l y  1972, as amended.) 
Note : The Apo l lo  spacecra f t  coord inate system remains f i x e d  r e l a t i v e  
t o  the  CSM. 
Soyuz Spacecraf t  Coordinate System (C6) 
The Soyuz spacecra f t  coord inate system o r i g i n  i s  280.7 inches forward 
of the DM/Soyuz Docking In te r face .  The Soyuz spacecraf t  coord inate 
system -X-axis extends through the  veh ic le  from the  o r i g i n  i n  the  
d i r e c t i o n  o f  the  docking i n t e r f a c e ,  and requ i res  a 90’ r o t a t i o n  about 
t h e  XC6;axis t o  a l i g n  Yc- and Z with the  Y and ZJ, coord inate axes, 
respec t ive ly .  
Command Module Coordinate System ( C )  
The command module coord inate system o r i g i n  i s  XA (Apo l l o  s t a t i o n )  
1000.0. 
the  Apo l l o  coord ina te  system. 
(Reference IED 5 bfi 01, dated 1 4 J u l y  1972, as amended,) 
The +X-, +Y-, and +Z-axes a r e  s i m i l a r l y  d i r e c t e d  t o  those o f  
Serv ice Module Coordinate System (S)  
The se rv i ce  module coord inate system o r i g i n  i s  X 
o f  the  Apo l l o  coord inate system. 
Launch Escape Sys tem Coordinate System (L) 
The LES coord ina te  system o r i g i n  i s  a t  the  LES/CSM i n t e r f a c e ,  XA 
(Apo l lo  s t a t i o n )  1083.5 and on the  longi tud in ’a l  v e h i c l e  ax i s .  The 
+X-, +Y-, and +Z-axes are p a r a l l e l  t o  the  +X-, +Y-,  and +Z-axes of 
t he  launch veh ic le ,  respec t i ve l y .  
Launch Veh ic le  Coordinate System (LV) 
(Apo l l o  s t a t i o n )  
638.0. The t X - ,  +Y-, and +Z-axes are s i m i l a r l y  9 i r e c t e d  t o  those 
i 
The launch v e h i c l e  coord inate system o r i g i n  i s  100 inches below the  
S-IB gimbal re fe rence plane and on the i o n g i t u d i n a l  v e h i c l e  a x i s .  
The +X-axis i s  toward the  payload, t he  +Z-axis i s  through p o s i t i o n  I 1 1  
and i s  opposi te  the d i r e c t i o n  of launch ( t a r g e t ) ,  and the  +Y-axis forms 
a r ight -handed system. 
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COORDINATES - STACKED 
POSITION ( X A ~ )  
+ - 
TO TRANSFORM DM MASS PROPERTIES I N  THE 
APOLLO STACKED -CONFIGURATION TO THE 
APOLLO DOCKED CONFIGURATION USE THE 
FOLLONING EQUATIONS: 
APOLLO DOCKED, I APOLLO STACKED 
- 11822.3 in.1 -x 




- Y I IZXX ' = I X X  
I Y Y  = I Y Y  
I zz = I Z Z  
I XY = -1XY 
I X Z  = I X Z  
I Y Z  = -1YZ 
THE ABOVE EQUATIONS INDICATE A 180° 
APOLLO STACKED CONFIGURATION. 
















POSITION ( X A ~ )  
COORDINATES - DOCKED 
+ 'A6 
DM/S OY U Z DOCKING 
INTERFACE 







FIGURE 2-6. CSM/DM STACKED AND DOCKED COORDINATE SYSTEMS 





COORDINATES ( XA6 ) 
TO TRANSFORM THE MASS PROPERTIES I N  THE 
SOYUZ COORDINATE SYSTEM TO THE APOLLO 
DOCKED COORDINATE SYSTEM USE THE 
FOLLOWING EQUATIONS: 0 
[ APOLLO DOCKED 1 SOYUZ 
= 11515.0 in.\ ,+,x 
34.481 m - Z 
Y 
X 
Y - - Z  
I xx = I X X  
I Y Y  = I Z Z  
I Z Z  = I Y Y  
IXY  = I X Z  
I X Z  = -1XY 
I Y Z  = -1YZ 
,-280.7 in, 
*C6 -7.130 m 
-404.7 in. 
xc<-10.279 m 
THE ABOVE EQUATIONS INDICATE A POSITIVE 
90’ ROTATION ABOUT THE XC6-AXIS I N  THE 













FIGURE 2-7. CSM/DM/SOYUZ DOCKED COORDINATE SYSTEMS 
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931.8 I n .  23.2 i n .  -61.5 i n .  
931.8 i n .  34.7 i n .  -55.4 i n .  
-48.6 I n .  931.8 I n .  46.2 I n .  
23.668 m .589 m -1.562 m 
23.668 m -1.407 m 
Fuel 2 
Fuel 3 
Fuel 4 23.668 m 1.173 m -1.234 m 
FIGURE 2-10. SM RCS PROPELLANT STORAGE MODULE (PSM) CONFIGURATION 
(APOLLO COORDINATES XAS) 





TANK CENTER OF GRAVITY 
1 I 
"A6 
'A6 Y A 6  'A6 
LOOKING I W D  
SPS Oxidizer  
, 
909.0 i n .  48.3 in. 6.6 I n .  
23.089 m 1.227 m .168 in 
I SPS Fuel I I 909.0 i n .  I -48.3 In. -6.6 i n .  23.089 m -1.227 m -.168 m 
FIGURE 2- 11 .  SM SPS TANK CONFIGURATION 1ITH C.G. LOCATIONS 
(APOLLO COORDINATES XA6) 
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FIGURE 2-12. SM CRYOGENIC TANK CONFIGURATION WITH 
C G. LOCATIONS (APOLLO COORDINATES XAS) 
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i 
19.9 I n .  
.505 m 







9.6 I n .  6.3 I n .  12.6 I n .  
,244 m .160 m ,320 m 
8 .3  I n .  6.3 i n .  12.6 I n .  
.211 m .160 m .320 m 
. OIMNSIONS 
D1 I D2 I D3 I 04 1 TANKS 
PSM Oxldlzer 
PSM Fuel 
SM Primary Oxidizer 
SM Secondary Oxldlzer 
SM Prlmary Fuel 
SM Secondary Fuel 
37.8 I n .  18.9 i n .  6.3 I n .  12.5 i n .  
.960 m .480 m .160 m .318 m 
37.8 I n .  18.9 I n .  6 .3  I n .  12.5 I n .  
.960 m ,480 m .160 m .318 m 
28.6 I n .  14.3 I n .  6.3 I n .  12.5 i n .  
.726 m .363 m .160 m .318 m 
!iii I". 9.6 i n .  6.3 I n .  12.6 i n .  
.244 m .160 m .320 m 
23.7 I n .  11.9 i n .  6.3 I n .  12.6 i n .  
.602 m .302 m .160 m .320 m 
17.3 I n .  8.3 i n .  6.3 I n .  12.6 i n .  
.439 m 2 1 1  m .160 m .320 m 
FIGURE 2-13. CM AN,D SM RCS TANKS CUTAWAY VIEW AND DIMENSIONS 








D1 D2 D3 D4 
12.2 in. 
.310 m 
17.1 I n .  
.434 m 
CM Potable Water 
CM Waste Water 
6.1 i n .  6.1 i n .  12.3 i n .  
.155 m .312 m .155 m 
8.6 in. 12.3 i n .  6.1 in. 
.218 m .312 m .155 m 
FIGURE 2-14. CM MATER TANKS AND DXMENSIONS 
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MAXI MU^ GIMBALING THRUST 'VECTOR MAXIMUM GlMBALlNG 
YAW NULL OFFSET F PITCH (8) 
FIGURE 2-1 8. SPS ENGINE GIMBALING ORIENTATION 






6.750 i n .  
(*)iROLL THRUST 
LINE INTERSECTION 






LOCATION OF SM RCS CLUSTERS 
LOOKING FORWARD INTO SM 
(IN THE DIRECTION OF THE +XM AXIS) 
IO0 (TYP) 




FIGURE 2-19. SERVICE MODULE RCS THRUST CHAMBER LOCATIONS 
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FIGURE 2-20. DM O2 TANK LOCATIONS 
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3.0 SPACECRAFT MASS PROPERTIES AND LOADING DATA 
The mass property data specified i n  this section represent the best. 
prediction of launch configuration mass properties for  each spacecraft. 
These data have been organized according to  basic mission prof i le .  In 
a d d i t i o n  , d a t a  are presented by individual and composi t e  spacecraft t o  
re f lec t  the variation of centers-of-gravi ty,  moments of iner t ia ,  and 
products of iner t ia  as a function of spacecraft weight t o  enable the 
user t o  reasonably predict spacecraft mass properties a t  any time i n  the 
mission profi le .  These da ta  represent the composite resul ts  o f  detailed 
mass properties data supplied to  NASA by the contractors and the USSR. 
craf t  coordinate system X or  Soyuz spacecraft coordinate system xC6, 
15 July 1972 as amended. 
A1 1 '  mass property data are  presented relat ive t o  the Apollo space- 
as defined i n  Section 2 o f6 this data book, and i n  IED 50401 dated 
3.0 MSC-07765 (VOL. 11) 
3.1 SUPPLEMENTARY DATA APPLICABLE TO SEQUENTIAL MASS PROPERTIES TABLES 
General Comments t o  be applied t o  Tables 3.1-1 th rough  3.1-4; 
The SPS propellant weights a re  to t a l  tanked. 
The (+) or (-) s i g n  following the name of an item indicates t h a t  the 
item i s  added t o  or subtracted from the preceding t o t a l .  
Table 3.1-1 c 
SM-SPS gimbal angles f o r  SPS abort  sequence are: 
Yaw'= TBD 
Pitch = TBD 
Table 3.1-6 
CSM consumable changes are  presented i n  Table 3.1-6. 
3.1-1 MSC-07765 (VOL. 11) 
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TABLE 3.1-2 
CSM 1 1 1  PAD ABORT MASS PROPERTIES 
1 
TBS 







CSM 111 HIGH ALTITUDE ABORT MASS PROPERTIES 
TBS 
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TABLE 3.1 -4 
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TABLE 3.1-6 
COMMAND MODULE 11 1 STOWAGE VOLUME CENTROIDS 
The f o l l o w i n g  stowage loca t i ons  have unique volume cent ro ids  n o t  
associated w i  t h  stowage vo l  umes . 
NOM EN CL ATU RE LOCAT I ON 
G&N Signal Cond. Panel LEB 
Disp lay Keyboard L EB 
Sleep Res t ra in t  Assy-RH & C t r .  A f t  UEB 
Sleep Res t ra in t  Assy-LH A f t  UEB 
Food Container B1 
Food Container L3 
Fecal Stowage Container RHEB 
PGA Container On A f t  Bulkhead 
CO2 Absorbers (2) I n  ECU 
C02 Absorbers (4) A3 
C02 Absorbers (4) A4 
C02 Absorbers (4) A5 
CO2 Absorbers (4) 85 
C02 Absorbers (4) B6 
CO2 Absorbers (4) A6 
Under C t r .  Couch 
Order o f  Loca- 
t i o n s  Used i n  . 
Sequenti a1 Mass 
Proper t ies Tables 
















































F i r s t  8.0 l b  CO Absorbed B5 1031.0 -8.0 39.0 
Second 8.0 l b  C 6 2 Absorbed B6 1031.0 13.0 39.0 
Composite Loca- Remainder C02 Absorbed 
ti on 1017.6 -4.4 27.1 
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TABLE 3.1-6 (CONTINUED) 
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TABLE 3.1-6 (CONTINUED) 
APOLLO/SOYUZ TEST PROJECT DOCKING MODULE STOWAGE VOLUME CENTROIDS 
CSM/DM DOCKED LOCATIONS 
AREA X Y Z 
LOCKER D1 1205.3 0.0 -20.0 
LOCKER D2 1166.3 2.8 -20.0 
- 
LOCKER D3 
TV MOUNT (SOYUZ END) 
TV MOUNT (CM END) 
F I R E  EXTINGUISHER 
SPEAKER BOX 
02 MASK CONTAINER 
02 MASK CONTAINER 
157.1 -13.0 17.0 
209.3 -4.5 21 .o 
133.6 -17.3 -8.8 
208.8 -14.2 20.2 
207.5 -22.6 -9.4 
171.8 22.5 -11.5 
195.3 -22.5 -11.5 
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TABLE 3.1-8 
CONSUMABLES LOADING REQUIREMENTS AND TOLERANCES FORM 
APOLLO/SOY UZ MISSION 
SPS P rope l l an t  
Pressure (ps ia)  Temperature (OF) Q u a n t i t y  Readout (%) 
-Fuel I Ox id i ze r  Fuel 1 0 x i  d i  z e r  Fuel I Oxid izer  
1 I I 
Load. Re uiremen Actual  
Fuel I Ox id i ze r  SPS P rope l l an t  Load ( l b )  Fuel I qOxidizer - 
TB S 
( 2 )  
Load 
Trapped Outside Tanks 
Tanked 
Trapped Ins ide  Tank 
Nominal De l i ve rab le  
TBS TBS TBS TBS 
Service Module RCS P rope l l an t  ( 4 )  
Secondary Fuel - Quads A, B, C, D - See Loading Window - Figure 4.3-1. 
Primary Fuel - Quads A, B, C, D - See Loading Window - Figure 4.3-2. 
Primary and Secondary Ox id i ze r  - Quads A, B, C, D - See Loading Window - 
Figure 4.3-3. 
PSM Fuel - See Loading Window - Figure 4.3-4. 
PSM Ox id i ze r  - See Loading Window - Figure 4.3-5. 
Comnand Module RCS Propel 1 an t  ( 4) 
He1 ium and Ni t rogen (7 1 
Fuel - Systems A and B - See Loading Window - Figure 4.3-6. 
Ox id i ze r  - Systems A and B - See Loading Window - Figure 4.3-7. 
Consumable 
Helium - SPS B o t t l e s  
Helium - Fuel Tanks 
Helium - N 0 Tanks 






He1 i um - CM/RCS 
System A 
System B 







1 78 70 
41 50 70 
41 50 70 
41 50 70 
4150 70 
TBS 70 
41 50 70 










t a r t h  Launch I P ressure 
Weight ( l b )  I ( ps 1 a) i
Temp. 
( " F I  
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Pressure Loading Requirement Earth Launch 











6.7 (en t r y )  900250 
1 I I I 1 1 
’ Loading Req. Per Tank Earth Launch Weight 
(pounds) Per Tank ( l b )  
Hydrogen 
Tank 1 29.3 27.6 
Tank 2 29.3 27.6 
Oxygen 
Tank 1 330.1 316.6 
Tank 2 330.1 316.6 
L 
Service Module Hydroqen and Oxygen (= 1 
Actual  
Per Tank ( l b )  
Oxygen 
Oxygen/Ni t rogen 
Loading Req. Per Tank Earth Launch Weight Actual  
(pounds) Per Tank ( l b )  Per Tank ( l b )  
48.0 48.0 
48.0 48.0 
(l)Zndicated propellant load i s  based on nominal pressure and temperature 
This number w i l l  be updated a f t e r  loading i s  p r i o r  t o  actual  loading. 
‘accomplished. 
(2)See Sect ion 4.1 f o r  explanat ion o f  t rapped SPS p rope l l an t .  
(3)See Table 3.1-11 f o r  l oad ing  unce r ta in t i es .  
(4)See Sect ion 4.2 f o r  SM/RCS loads and unce r ta in t i es  t o  be used i n  mission 
planning. 
Table 3.1-12. 
Actual  SM/RCS loads and unce r ta in t i es  w i l l  be publ ished i n  
(5)Launch Rul e Red1 i nes determi ne 1 i f  t - o f f  Val ues . 
(6)Launch Miss ion Rules w i l l  determine o f f l o a d  and minimum/maximum l i f t - o f f  
(7)CSM hel ium and n i t rogen  should be loaded i n  accordance w i t h  loading 
q u a n t i t i e s  f o r  H2 and 02. 
windows contained i n  Apollo/Soyuz Test  P r o j e c t  Operat ional  Data Book, 
Volume I, Par t  2. 









SPS PROPELLANT LOAD CALCULATION FORM 
APOLLO/SOYUZ MISSION 
SPS Prope l lan t  Load Ca lcu la t ion  
Enter SPS quan t i t y  readout a t  f l i g h t  load  
(25 ps ia )  
Use t a b l e  below t o  ob ta in  p rope l l an t  load  
f o r  above q u a n t i t y  readout. 
Nominal p rope l l an t  dens i ty  a t  loading temperature 
(use temperature - dens i ty  graph below) ( l b / f t 3 )  
Cubic f e e t  o f  propel  1 an 
i t em 3) 
Cal cu l  ated dens i ty  from 
i t em F ( l b / f t 3 )  
Resu l t ing  ac tua l  propel  
i t em 5) 
( i t em-  2 d i v ided  by 
Table 3.1-10, 
an t  load  ( i t em 4 times 




Prope l lan t  Load 
FUEL O X I D I Z E R  
LOAD ( l b )  
TBS 
LOAD ( l b )  
TBS 
SPS SPS SPS Propel1 ant Temperature/Densi t y  Graph 
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TABLE '3.1-11 
SPS PROPELLANT UNCERTAINTIES 
APOLLO/SOYUZ MISSION 
FUEL 
( l b )  
Tank Volume 
OX I D I  ZER 
( l b )  
Temperature Gage (22.0"F) 
Standpipe Height  
Propel 1 a n t  Gage (LO. 35% o f  Gageabl e) 
Densi ty  Measurement (1) 
Batch Density (1) 
Loading Pressure (1 1 
RSS 
TOTAL RSS 
Loading Speci f i cat ion  (1) (2) 
Tolerance on Prope l lan t  Temperature 







( l )Da ta  w i l l  be known a f t e r  loading i s  accomplished. 
(2)Loading s p e c i f i c a t i o n  i s  an a l lowable to lerance about 
nominal; t h i s  number i s  added t o  the  loading unce r ta in t y  
v a r i  ab1 e. 
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TABLE ' 3.1 - 12 
COMMAND AND SERVICE MODULE RCS LOADING SUMMATION FORM 
APOLLO/SOYUZ MISSION 
This t a b l e  w i l l  be completed when load ing  i s  accomplished. 
Planning, re ference should be made t o  Section 4.1 f o r  nominal load, loading 
to1 erances , and nominal de l  i verabl e propel 1 ants. 
For Miss ion 
COMMAND MODULE 
Fuel 
Tank A Tank B 
Propel 1 an t  Load 
Tota l  
Maxi mum Trapped 
Nomi n a1 Del i verabl e 
Oxi d i  zer  
Tank A Tank B 
SERVICE MODULE 
Quad A ( l b )  Quad 6 ( l b )  
Secondary Fuel 
Pr imary Fuel 
Tota l  Fuel 
Maximum Trapped 
Nomi na l  Del i verabl e 
Secondary Fuel 
Primary Fuel 
To ta l  Fuel 
Maximum Trapped 
Nominal De l iverab le  
Tota l  Ox id izer  To ta l  Ox id izer  
Maxi mum Trapped 
Nominal De l i  verabl e Nominal Del i verabl  e 
Maxi mum Trapped 
Quad C ( l b )  
Secondary Fuel 
Primary Fuel 
To ta l  Fuel 
Maxi mum Trapped 
Nominal Del i verable 
Tota l  Oxi d i  zer  
Maxi mum Trapped 
Nominal De l iverab le  
Tota l  Fuel 
Maxi mum Trapped 
Nominal De l iverab le  
Tota l  Fuel 
Maximum Trapped 
Nominal De l iverab le  
Quad D ( l b )  
Secondary Fuel 
Primary Fuel 
Tota l  Fuel 
Maximum Trapped 
Nomi na l  Del i verabl e 
To ta l  Oxi d i  ze r  
Maximum Trapped 
Nominal Del i verabl e 
To ta l  Oxi d i  zer  
Maximum Trapped 
Nominal De l iverab le  
PSM -
TOTAL SM/RCS PROPELLANT LOAD ( l b )  
To ta l  Oxi d i  ze r  
Maximum Trapped 
Nominal De l iverab le  
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4.0 CSM REFERENCE CONSUMABLE MASS PROPERTIES DATA 
The data presented i n  t h i s  s e c t i o n  w i l l  enable the user t o  ob ta in  t h e  
separate centers-of -grav i  ty  and moments-of- inert i  a f o r  those spacecraf t  
consumables onboard t h a t  s i g n i f i c a n t l y  a f f e c t  o v e r a l l  CSM and CM p e r f o r -  
mance. 
onboard consumable loading data f o r  each miss ion prov ided i n  Sect ion 3.0. 
The mass proper ty  data are presented i n  the  f o l l o w i n g  sect ions:  




SPS Tank Consumables Mass Proper t ies,  Trapped Propel lants ,  
SPS Densi ty  Equations and Graphs 
RCS/ECS/EPS Consumables Mass Proper t ies,  and SM RCS Quad 
Mass Proper t ies 
CSM RCS Load Ca lcu la t ion  Tables and Loading Windows 




Table 4.1-1 presents the mass characterist ics f o r  the SM/SPS propellant 
tanks. 
The following units apply t o  the indicated headings: 
Height of Propellant - Inches 
Tank Volume Unstretched - Ft3 
Tank Volume Stretched - F t 3  
Mass of Propellant - Pounds 
Center of Mass - XA Coordinates - Inches 
Moment of Iner t ia  (Iyy) - Slug-ft2 
Further,'Moment of Iner t ia  Izz = Moment of Iner t ia  Iyy; Moment o f  Iner t ia  
= 0.0 fo r  a l l  propellant weights; tank pressure used i n  calculating this 
table was 175 55 psia,  propellant temperature was 70°F, density fo r  fuel was 
56.43 lb / f t3 ,  and oxidizer density was 90.21 lb/ft3.  
IXX 
The Y A  and ZA Center of Mass components f o r  the individual tanks are  con- 
s tan t  and are as follows: 
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T A B L ~  4.1-2 
TRAPPED SPS MASS PROPERTIES 
SERVICE MODULE 
(l)SPS - Trapped Outside Tanks 
Engine - Fuel 





Total Outside Tanks 
(2)Trapped i n  Tanks 
Retention Reservoir - Fuel 
Vapor - Fuel 
- Oxidizer 
- Oxidizer 










































( l )SPS  propellant trapped outside tanks should be subtracted from 
This tanked amount is then used 
the to ta l  SPS propellant load for a par t icu lar  mission t o . a r r i v e  
a t  the tanked SPS propellant.  
i n  the preceding tables  t o  a r r ive  a t  the appropriate SPS 
propell ant Mass Properties. 
(2)Propellant t rapped inside tanks does not include the amount 
required t o  cover the zero-g screens pr ior  t o  deorbit. 
amount varies w i t h  mission requirements, and is  avai lable  monthly 
i n  the Apollo/Soyuz Weight Status  Sumnary. 
This 




SPS PROPELLANT DENSITY EQUATIONS (S/C 1 1 1 ) 
Equations for  calculating SPS fuel and oxidizer densit ies are given below. 
In order to  calculate the density fo r  fuel o r  oxidizer of a given load 
on a par t icular  mission using the measured density furnished by KSC the 
following steps are necessary: 
A .  Use the appropriate equation below and calculate the fuel or  oxidizer 
density a t  the given pressure and temperature of the KSC sample. 
This will usually be 14.7 psia and 25°C f o r  fue l ,  and 14.7 psia and 
4°C f o r  oxidizer. 
B. Use the appropriate equation below and calculate the fuel o r  oxidizer 
density a t  the f inal  system pressure and temperature. 
usually be 25 - +5 psia and 70 5 ° F .  
Subtract the density obtained i n  Step A from the measured density of 
the KSC sample, and add this amount (may be e i ther  positive or  
negative) to  the density obtained from Step B. 
This will 
C. 
A-50 Density Equation 
= [57.6095-0.058533("C) J (CF)  p F  
where: p F  = A-50 density i n  l b / f t3  
"C = Temperature i n  degrees centigrade 
C F  = Compressibility factor - Obta in  t h i s  number from the 
pressure - compressibility graph on Figure 4.1-1 of th i s  
section., 
N204 Density Equation 
= [ 93.1048-0.1 4252 ( "C ) ] ( Co) 
where: po = N204 density i n  l b / f t  
"C = Temperature i n  degrees centigrade 
Co = Compressibility factor  - Obtain this number from the 
pressure - compressibility graph on Figure 4.1-2 of 
this section. 
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FIGURE 4.1-1. AEROZINE-50 COMPRESSIBILITY CORRECTION FACTOR 
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TABLE 4.2-1 
CSM - CONSUMABLE LOADS AND UNCERTAINTIES 
181.2 
268.8+2.8 - 
This t a b l e  conta ins t h e  consumable loads, associated tolerances, and/or 
unce r ta in t i es  a t  nominal load ing  temperatures and pressures. 
1022.6 14.5 62.7 








- RCS (2) 
Loaded System 1 - Fuel 
1022.6 -3867 52.8 
1022.6 -52.8 38.7 
1022.6 26.6 59.8 
1022.6 2.3 65.5 
1022.6 -45.5 46.0 
System 1 - Ox id izer  
System 2 - Fuel 
System 2 - Ox id izer  
Loaded - Fuel 
- Ox id izer  




System 1 - Fuel 
System 1 - Ox id izer  
System 2 - Fuel 
System 2 - Ox id izer  
Trapped - Fuel 
- Ox id izer  
To ta l  Trapped (Maximum) / 
De l iverab le (  6 )  
System 1 - Fuel 
System 1 - Ox id izer  
System 2 - Fuel 
System 2 - Ox id izer  
Del i v e r a b l  e - Fuel 
- Ox id izer  
Tota l  De l iverab le  
1022.6 14.5 62i6 
1022.6 -4.9 57.2 
WEIGHT I (%ENTER OF GRAVITY 
43.8+0.9 1022.6 -38.7 
43.8T0.9 1022.6 -52.8 
90.6q.8 I 1022.6 I 2:; 1 iiii 
90.6a .8 1022.6 
87.6 . 1022.6 -45.8 45.8 
1022.5 -7.5 56.6 
65.5 
76.0 
I 1 I 
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TABLE 4.2-l., (CONTINUED) 




























b m i n a l  Load8 
J!adA 
Fue l  - Primary 
Fuel - Secondary 
Oxidizer  
T o t a l  Quad A 
Fuel  - Primary 
Fuel  - Secondary 
Oxidizer  
To ta l  Quad B 
Fue l  - Primary 
Fuel  - Secondary 
Oxidizer  
T o t a l  Quad C 
Fuel - Primary 
Fuel - Secondary 
Oxidizer  
T o t a l  Quad D 
)uad B 











Fuel  - 1 
Fuel  - 2 
Fuel  - 3 
Fuel - 4 
Oxid ize r  - 1 
Oxidizer  - 2 
Oxidizer  - 3 
Oxidizer  - 4 
Oxidizer  - 5 




T o t a l  Manifold 
T o t a l  PSM 
ro t a1  Primary Fuel  
r o t a 1  Secondary Fuel  
To ta l  Door System Fuel 
ro t a1  PSM Fuel  
T o t a l  Load. Fuel  
r o t a l  Door System Oxidizer  
r o t a l  PSM Oxidizer  
T o t a l  Loads Oxidizer  
















































901.6 I 926.9 
1013.8 I 932.1 
1915.4 I 929.7 






















TBS  I 




-::: I 0.0 
-50.7 
-27 .O 
0.0 I 0.0 
26.5 I -32.6 
14.0 I -17.3 
15.3 I -20.5 
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TABLE 4.2-1. (CONTINUED) 















S y s t e m  
Maximum Trapped 
Quad A 
Fuel  - Primary 
s Fuel  - Secondary 
Ox id ize r  
T o t a l  Quad A 
Fuel  - Primary 
Fuel  - Secondary 
Oxidizer  
T o t a l  Quad B 
Fuel  - Primary 
Fuel - Secondary 
Ox id ize r  
T o t a l  Quad C 
Fuel  - Primary 
Fuel  - Secondary 
Ox id ize r  
T o t a l  Quad D 


























2 . 7  
2 .8  
Fuel - 1 
Fuel  - 2 
Fuel  - 3 
Fuel  - 4 
Oxid ize r  - 1 
Oxid ize r  - 2 
Oxidizer - 3 
Oxid ize r  - 4 
Oxidizer  - 5 
T o t a l  Tanks 
Manifold 
Fuel 
Ox id ize r  
T o t a l  Manifold 









T o t a l  Primary Fuel 
T o t a l  Secondary Fuel 
T o t a l  PSM Fuel  
T o t a l  Door System Fuel 
T o t a l  Trapped Fuel 
T o t a l  Door S y s t e m  Oxid ize r  
T o t a l  PSM Oxid ize r  
















Weight 1 CFter ;f Gryit; 
(lb) 
3.8 I 926.9 I -64.5 











9.7 I TBS I TBS 
17.2 I TBS 1 TBS 
26.9 1 947.3 1 9 . 5  
30.9 I 940.4 I 17.2 
46.1 1 935.9 1 11.5 
I I 
69 .1  I 940.7 I 12.2 







































-17 .7  
-11.8 
-13.5 
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TABLE 4.2-1 (CONTINUED) 
SM RCS NOMINAL PROPELLANT LOADS (APOLLO COORDINATES) 
Systems 
De l ive rab le  
Quad A 
Fuel - Primary 
Fuel - Secondary 
Oxid izer  
To ta l  Quad A 
Fuel - Primary 
Fuel  - Secondary 
Oxid izer  
To ta l  Quad B 
Fue l  - Primary 
Fuel  - Secondary 
Oxid izer  
T o t a l  Quad C 
Fuel - Primary 
Fuel - Secondary 
Oxid izer  
To ta l  Quad D 





Fuel  - 1 
Fuel - 2 
Fuel - 3 
Fuel  - 4 
Oxid izer  - 1 
Oxidizer  - 2 
Oxid izer  - 3 
Oxid izer  - 4 
Oxid izer  - 5 
T o t a l  PSM 
Tota l  Primary Fuel  
T o t a l  Secondary Fuel 
Total Door Systems Fuel 
To ta l  PSM Fuel  
T o t a l  De l ive rab le  Fuel  
T o t a l  Door System Oxid izer  
T o t a l  PSM Oxidizer  
To ta l  De l ive rab le  Oxid izer  
~ ~~~ 

















































































































14 .1  
15.4 














































TABLE 4.2-1 , (CONTINUED) 

































CSM MISCELLANEOUS CONSUMABLES 
CM/RCS - Helium 
CM/ECS 













SM/RCS - Helium 
- Door - PSM 




Oxygen - Hydrogen ( 7 )  
















H$ Tank 1 
O2 Tank 1 














Unusable - H2 
- H2 
- O2 - O2 
- O2 
Unusable - H2 




























Usable - H2 






















Usable - H2 






917.2 -25.5 40.7 
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TABLE 4.2-1' (CONTINUED) 
Referenced t o  the Apoll o Coordinate System 
All RCS p r o p e l l a n t  weight u n c e r t a i n t i e s  p r i o r  t o  loading a r e  
based on the  maximum and m i n i m u m  permissable load devia t ion  
f o r  t he  nominal load a t  7OOF. 
Potable  water  tank nominal capac i ty  i s  40 pounds. 
Waste water  tank nominal capac i ty  i s  60 pounds. 
PSM RCS weights r ep resen t  maximum load.  Actual load w i l l  
be based on mission requirements.  
Del iverable  SM/RCS p rope l l an t  i s  t h a t  amount which can be 
expel led  from the tanks assuming nominal mixture r a t i o .  
For pre-mi ssi on budget  planning the m i n i m u m  guaranteed 
usable  propel 1 a n t  equals  del i verable ,  1 e s s  TBS pounds 
loading unce r t a in ty  and l e s s  TBS pounds gauging inaccuracy. 
See Sect ion 3 f o r  planned earth launch w e i g h t .  
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TABLE 4.2-2 (CONTINUED) 
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4.3 CM/RCS SM/RCS, AND SM/PSM LOAD CALCULATION TABLES AND LOADING WINDOWS 
CM/RCS, SM/RCS, and SM/PSM 
Tables 4.3-1 through 4.3-7 are  CM/RCS, SM/RCS, and SM/PSM l oad  calcu- 
l a t i o n  t a b l e s  t o  be completed by KSC f o r  each CSM mission. 
through 4.3-7 are  the l oad ing  windows t o  be used by KSC i n  t h e i r  
ca l cu la t i ons .  
Figures 4.3-1 
CSM/RCS Mass Calcu la t ions  f o r  Hor izon ta l  Tanks 
The pr imary method f o r  determin ing the  amount o f  RCS p r o p e l l a n t  loaded 
i n  the CSM h o r i z o n t a l  tanks i s  by actual  p r o p e l l a n t  weight  as determined 
by using the b leed u n i t  scales. 
u n i t  scales i s  v e r i f i e d  by PV c a l c u l a t i o n  as o u t l i n e d  i n  Tables 4 . 3 - 1  and 
4.3-3 through 4.3-7. I f  f o r  an i n d i v i d u a l  tank the p r o p e l l a n t  weight  as 
determined by  the bleed u n i t  scales and the p r o p e l l a n t  weight  as determined 
by the  PV c a l c u l a t i o n  do n o t  co r re la te ,  then KSC and MSC w i l l  j o i n t l y  
determine which o f  the above methods w i l l  be used. 
The weight  as determined by the bleed 






















COMMAND MODULE RCS LOADING REQUIREMENTS PARAMETERS , ANR CALCULATIONS 
Load Parameters and Ca lcu la t ions  
Fue 1 Ox id izer  
Tank A a n k  B T a n k n k  B 
I 
Tank Volume @ 0.0 p s i g  (in') 
L i q u i d  L ine  Volume ( i n  ) 
To ta l  A + A1 ( i n 3 )  
I n i t i a l  Weight i n  Bleed U n i t  P r i o r  
t o  Loading ( l b )  
F i n a l  Weight i n  Bleed U n i t  A f t e r  
Loading ( l b )  
P r o p e l l a n t  Load by Weight Tank ( l b )  
( i t e m  B less i t e m  C)  
Loading Temperature ( O F )  
S p e c i f i c a t i o n  Load @ 70 - +5OF ( l b )  
To ta l  CM/RCS Prope l lan t  Load f rom 
3 
I t e m  D Above o r  I tem P Below ( l b )  - +O. 3 +O. 3 
ULLAGE CALCULATION 
Densi ty ( l b / i n 3 ) .  Solve the  f o l l o w i n g  
equat ion where T = temperature i n  E 
above and p = f u e l  densi ty ,  p - 
PF = 0.0329456 - (O.186979)(lOm4)(T) 
- 
o x i d i z e r  deksi ty. 0 
= 0.451591(10'4)(11.8-T) + 0.05475906 
S p e c i f i c a t i o n  Ul lage @ E Above 
Maxi mum 
Minimum 
3 Tank S t r e t c h  Factor  ( i n  / p s i  ) 
Volume o f  GHE-GSE L ine  ( i n 3 )  
volume o f  sc GHE L ine  ( i n 3 )  
GSE L ine  Pressure (ps ig )  
Bladder Pressure (ps ig)  
Stabi  1 i zed Equi 1 i b r i  um Pressure 
Ul lage Volume ( i n  ). Solve the  
( P S i d  
3 
f o l l o w i n g  equat ion by s u b s t i t u t -  
i n g  the  values contained i n  the  
above i n d i c a t e d  steps. 
Ul lage Volume = J L-N - I (N + M + 14.7) - K N - M  
Prope l lan t  Load by PV ( l b )  
MSC-07765 (VOL. 11) 4.3-2 
TABLE 4.3-2 






To ta l  - t0.7 
Secondary Fuel 
Primary Fuel 












Total  - t0.7 
Tota l  Oxi d i  ze r  - t2.3 
Total  Ox id izer  - t2.3 
Total  Ox id izer  +2.3 - 
Tota l  Oxi d i  zer +2.3 - 
PSM 
(Pounds) 
To ta l  Fuel To ta l  Oxi d i  zer  
To ta l  SM/RCS Propel 1 an t  Loaded (1 b )  
Fuel +1.4 Ox id izer  - +4.6 

















Q o  
R. 
S. 
A. Loading Temperature ( O F )  A. Tank Volume ( i n 3 )  (b 0.0 p s i g  
A l .  L i q u i d  L ine  Volume ( in3)  3 B. Tank Volume ( i n  ) (b 0.0 p s i g  
B. B1. L i q u i d  L ine  Volume ( i n  ) 
Tank S t re tch  Fac tor  
Tank S t re tch  Factor  ( i n 3 ) / p s i )  0.045 3 
( i n? /ps i )  0.034 Primary Oxi d i  zer  
I n i t i a l  Weight o f  Bleed U n i t  
P r i o r  t o  Loading ( l b )  
F i n a l  Weight o f  Bleed Un i t  
A f t e r  Loading ( l b )  
Resu l t ing  Load ( l b )  ( i t em D 
l e s s  i t e m  E) 
SDec i f i ca t i on  Nominal Load 9 
C. 
C1. L i q u i d  L ine  Volume ( i n 3 )  
D. Tank S t re tch  Factor  ( i n3 /ps i )  0.088 
PV Parameters f o r  Combined 
Primary and Secondary Ox id izer  Tanks 
Volume o f  GHE-GSE L ine  ( i n 3 )  
Tank Volume ( in3)  (b 0.0 p s i g  
E. 
' a t  70 +5"F ( l b )  F. 
G. GSE L ine  Pressure (ps ig )  
I. 
Pressure (ps i  g) 
J. Loading Temperature ( O F )  
Volume o f  sc GHE L ine  ( in " )  
3 
- 
Volume o f  GHE-GSE L ine  ( i n  ) 
Volume o f  sc GHE L ine  ( i n 3 )  H. Bladder Pressure (ps ig )  
GSE L ine  Pressure (ps ig )  Stabi  1 i zed Equi 1 i b r i  um 
Bladder Pressure (ps ig )  
Stabi  1 i zed Equi 1 i b r i  um 
Primary L i q u i d  C1 ose-Out 
S p e c i f i c a t i o n  U l l age  (b A Above 
Pressure (ps i  g) K. Oxi d i  zer  Densi t y  (1 b / i  n3).  Sol ve 
Pressure ( p s i  g) 
equat ion (4)  below where T = 
temperature @ J Above. 
L. S p e c i f i c a t i o n  Value (b Temperature J 
above (Ib) Maximum 
Maxi mum 
Minimum Minimum 
3 M. PV Calcu lated Ox id i ze r  Load ( l b ) .  
Solve equat ions (5)  and (6)  below 
i n  the  above i n d i c a t e d  s t e  s where 
U = volume o f  tank gas ( i n  ) i n  bo th  
U l lage Volume ( i n  ). Solve the  
fo l low ing  equation by substituting by s u b s t i t u t i n g  the  values c0nt-i ned 
5 
t he  values contained i n  the  i n d i -  
cated steps. 
U l lage Volume = H (n) J - L  - 
( C  + S)  (L + K + 14.7) + S(M)- I 
tanks and He system; and F - =  PV 
ca l cu la ted  o x i d i z e r  l o a d  f8r both 
tanks . 
Q . 3  - 
N. S p e c i f i c a t i o n  Nominal Value @ Tempera- Pr imary Fuel 
Loading Temperature (OF) 
Tank Volume ( in3) @ 0.0 p s i g  
L i q u i d  L ine  Volume ( in3)  
Tank S t r e t c h  Factor  
t u r e  3 Above ( l b )  
(4)  Oxi d i  ze r  Densi t y  = 0.451 591 ( 1 0-4) 
(5) U = E (=)- (B + D)  ( I  + H + 14 
(11.8 - T) + 0.05475906 
(i n3/psi ) 0.0652 
(6) Fo = K(A + C + A1 + C1 - U + F) 
7)  
4.3-4 MSC-07765 (VOL. 11) 
TABLE 4.3-5 (CONTINUED) 
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD A 
Primary Fuel (Con t i n  ued) 
T. Fuel Density ( l b / i d ) .  Solve 
equation (1) below where T = 
temperature @ P above 
PV Parameters and Combined 
Primary and Secondary Fuel Tanks 
U ,  Volume of GHE-GSE Line (in31 
V .  Volume o f  sc GHE Line (in31 
W. GSE Line Pressure ( p s i g )  
X. Bladder Pressure ( p s i g )  
Y .  Stabi 1 i zed Equi  1 i bri um 
Pressure (psi g )  
Z. Specification PV Value 8 
Temperature P Above ( l b )  
Maxi mum 
M i  n i mum 
Z1. PV Calculated Fuel Load ( l b )  
Solve equations ( 2 )  and (3') 
below by s u b s t i t u t i n g  the values 
contained i n  the above indicated 
steps where U V  = volume or 
tanked gas ( i d )  i n  the primary 
tank and FL = PV calculated 
fuel load. 
22. Speci f i  cation Nominal 
Value 8 Temperature h Ab ove ( l b )  
(item F plus item 
23. Total Fuel Load ( l b )  
(1 )  Fuel density = 0.0329456 - 
(0.186979) (1 0-4) ( T )  
k 
*(3) FI + T ( Q  + R - Uv = V = B = B1 - 7)  
h 
*Z4. Secondary Fuel 
I 
Load by PV ( lb)  
*If sec0ndar.y fuel load is determined by PV calculat ion,  then i n  equation three 
(3 ) ,  substitute i tern 24 fo r  item F. 
4.3-5 
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.TABLL 4I3-4 
SERVICE MODULE' RCS LOADING PARAMETERS AND CALCULATIONS - QUAD B 
Fuel 
Secondary Fuel 
O x i d i z e r  
Secondary Ox id izer  
A. Loading Temperature (OF) A. Tank 
A l .  L i q u  3 B. Tank Volume ( i n  ) 8 0.0 p s i g  
B. Tank B1. L i q u i d  L ine  Volume ( i n  ) 
C. Tank t r e t c h  Fac tor  
( in 3 / p s i )  0.034 
3 
Volume ( i n 3 1  8 0.0 p s i g  
d L ine  Volume ( i n  ) 
S t r e t c h  Factor  ( i n 3 ) / p s i )  0.045 
3 
Primary Oxi d i  zer  
3 C1. L i q u i d  L i n e  Volume ( i n  ) 
D. Tank S t r e t c h  Factor  ( i n 3 / p s i )  0.088 
PV Parameters f o r  Combined 
Primary and Secondary Oxi d i  zer  Tanks 
D. I n i t i a l  Weight o f  Bleed U n i t  C. Tank Volume ( i n 3 )  @ 0.0 p s i g  
E. 
*F. 
P r i o r  t o  Loading ( l b )  
F i n a l  \ e i g h t  o f  Bleed U n i t  
A f t e r  Loading ( l b )  
Resu l t ing  Load ( l b )  ( i t e m  D 













R .  
S. 
t. S p e c i f i c a t i o n  Nominal Load 
Volume of GHE-GSE Line (in ) 




Volume o f  sc GHE L i n e  ( in3)  
GSE L i n e  Pressure ( p s i g )  I. 
Pressure (ps i  g) K. 
Pressure ( p s i  g) 
B1 adder Pressure ( p s i  g)  
S t a b i l i z e d  E q u i l i b r i u m  
Primary L i q u i  d C1 ose-Out 





3 M. Solve the  
f o l l o w i n g  equat ion by s u b s t i t u t i n g  
t h e  values contained i n  t h e  i n d i -  
cated steps. 
U l l a g e  Volume ( i n  ) *  
J - L  U l lage Volume = H (n) - 
( C  t S) (L t K + 14.7) + S(M)- I 
N. Primary Fuel 
3 
Loading Temperature (OF) 
Tank Volume ( i n  ) @ 0.0 p s i g  
L i q u i d  L i n e  Volume ( i n 3 )  
Tank S t r e t c h  Factor  
( i n 3 / p s i )  0.0652 
Volume o f  GHE-GSE L ine  (in') 
Volume o f  sc GHE L ine  ( i n 3 )  
GSE Line Pressure (psig) 
Bladder Pressure ( p s i  g) 
Stabi  1 i zed Equi 1 i b r i  um 
Loading Temperature ( O F )  
Ox id izer  Densi ty  ( l b / i n 3 ) .  Solve 
equat ion (4) below where T = 
temperature @ J Above. 
Pressure ( p s i  g) 
S p e c i f i c a t i o n  Val ue @ Temperature J 
Above (Ib) Maximum 
Minimum 
PV Calcu lated Ox id izer  Load (1 b )  . 
Solve equations (5)  and (6) below 
by s u b s t i  t u t i n y  t h e  values contained 
i n  the  above i n d i c a t e d  s t e  s where 
tanks and He system, and Fo = PV 
c a l c u l a t e d  o x i d i z e r  1 oad f o r  both 
tanks . 
U = volume o f  tank gas ( i n  5 ) i n  both 
k 2 . 3  
S p e c i f i c a t i o n  Nominal Value @ Tempera- 
(4) Oxi d i  z e r  Densi t y  = 0.451 591 ( 1 0-4) 
(5) U = E (=)- (B t D) (I + H + 14.7) 
(6) FO = K ( A t C + A l  t C 1  - U + F )  
t u r e  J Above ( l b )  
(11.8 - T) + 0.05475906 







TABLE 4.3-4 (CONTINUED) 
SERVICE MODULE RCS LOADING PARAMETERS AND CP CULATIONS - QU 
-_ 
D B  
Primary Fuel (Continued) 
equation (1) below where T = 
temperature @ P above ' 
T. Fuel Density ( lb/ in3) .  Solve 
PV Parameters and Combined 
Primary and Secondary Fuel Tanks 
U. Volume o f  GHE-GSE Line (in31 
V. Volume of sc GHE Line (in31 
#. GSE Line Pressure (ps ig )  
X. Bladder Pressure ( p s i g )  
Y. Stabi 1 i zed Equi  1 i bri urn 
Pressure (psi g )  
Z. Specif icat ion PV Value @ 
Temperature P Above ( l b )  
Maxi mum 
Minimum 
Z1. PV Calculated Fuel Load ( l b )  
Solve equations ( 2 )  and (3) 
below by s u b s t i t u t i n g  the values 
contained i n  the above indicated 
s teps  where U v  = volume or 
tanked gas (in3) i n  the primary 
t a n k  and FL = PV calculated 
fuel load. 
Value @ Temperature h Ab ove ( l b )  
22. Specif icat ion Nominal 
23. Total Fuel Load ( l b )  k0.7 
(item F plus item Z1) 
(1) Fuel density = 0.0329456 - 
(2)  Uv = U (=)- (C + S )  ( Y  + X + 14.7) 
(0.186979) ( 10-4) ( T )  
F "(3) FL + T (Q + R - U v  = V = B = B1 - f )  
*Z4. Secondary Fuel 
Load by PV ( lb)  
*If secondary fuel load i s  determined by PV ca lcu la t ion ,  then i n  equation three 
(3 ) ,  substitute item 24 f o r  item F. 
MSC-07765 (VOL.  11) 
4.3-7 
_ -  s. 
TABLE 413-5 
SERVICE MODULE' RCS LOADING PARAMETERS AND CALCULATIONS - QUAD C 
- Fuel Oxi d i  zer 
' A. 
Secondary Fuel Secondary Oxi d i  zer 
Tank Volume (in3) @ 0.0 ps ig  
1 




















Tank Volume (in') (3 0.0 p s i g  - A l .  L iqu id  Line Volume (in') 
Tank Stretch Factor (in3)/psi) 0.045 Liqu id  Line Volume (in ) 
Tank tretch Factor 
(in s /psi) 0.034 Primary Oxidizer 
In i t ia l  Weight of Bleed U n i t  C. 
C1. L iqu id  Line Volume (in3) Prior to  Loading ( lb )  
D. Tank Stretch Factor (in3/psi) 0.088 Final Weight of Bleed U n i t  After Loading ( l b )  
PV Parameters for Combined 
Primary and Secondary Oxidizer Tanks Resulting Load ( lb )  (item D less i tem E )  
Volume of GHE-GSE Line ( i n 3 )  Specification Nominal Load 
a t  70 25°F ( lb)  Volume of sc GHE Line ( i n 3 )  
G. GSE Line Pressure (psig) Volume o f  GHE-GSE Line ( i n  ) 
Volume of sc GHE Line ( i n 3 >  H. Bladder Pressure ( p s i g )  
B. 3 




GSE Line Pressure ( p s i g )  I. 
Bladder Pressure (psig) 
S t a b i  1 i zed E q u i  1 i bri um 
Primary L i q u i d  Close-Out 
Specification Ullage (3 A Above 
J. 
Pressure (psi g )  K. 
Pressure (psi g) 
L.  
Maxi mum 
M i  n i mum 
3 M.  Ullage Volume ( i n  ). Solve the 
following equation by s u b s t i t u t i n g  
the values contained i n  the i n d i -  
cated steps. 
Ullage Volume = H (3) L - K  - 
( C  + S) (L + K + 14.7) + S(M)- I 
N .  Primary Fuel 
3 
Loading Temperature ( O F )  
Tank Volume (in ) @ 0.0 p s i g  
Liquid  Line Volume ( i n 3 )  
Tank Stretch Factor 
(in3/psi 1 0 . 0 ~  
Stabi 1 i zed Equi  1 i bri urn 
Loading Temperature ( O F )  
Oxidizer Density (lb/in3). Solve 
equation (4) below where T = 
temperature @ J Above. 
Pressure (psi g) 
Speci f i  cation Val ue @ Temperature J 
Above ( I b )  Maximum 
Min imum 
PV Calculated Oxidizer Load ( l b ) .  
Solve equations (5 )  and (6)  below 
by s u b s t i t u t i n g  the values contained 
i n  the above indicated s t e  s where 
tanks and He system, and Fo = PV 
calculated oxidizer load for  b o t h  
tanks. 
U = volume of tank gas ( i n  5 ) i n  both 
3 2 . 3  
Specification Nominal Value (3 Tempera- 
(4) Oxidizer Density = 0.451591(10-4) 
ture J Above ( l b )  
(11.8 - T) + 0.05475906 
(5) U = E ( = ) -  (6  + D) ( I  + H + 14 
(6) Fo = K(A + C + A1 + C1 - U + F)  
7) 
MSC-07765 (VOL. 11) 4.3-8 
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TABLE 4.3-5 (CONTINUED) 
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD C 
Primary Fuel (Continued) 
equation (1) below where T = 
temperature 8 P above ’ 
T. Fuel Density (lb/in3). Solve 
PV Parameters and Combined 
Primary and Secondary Fuel Tanks 
U. Volume of GHE-GSE Line (in31 
V. Volume o f  sc GHE Line (in31 
W. GSE Line Pressure ( p s i g )  
X. Bladder Pressure ( p s i g )  
Y. Stabi 1 i zed E q u i  1 i br i  um 
Pressure (psi g )  
2. Specification PV Value @ 
Temperature P Above ( lb )  
Maxi mum 
M i  n i mum 
21. PV Calculated Fuel Load ( lb)  
Solve equations ( 2 )  and (3) 
below by s u b s t i t u t i n g  the values 
contained i n  the above indicated 
steps where U v  = volume o r  
tanked gas ( i d )  i n  the primary 
tank and FL = PV calculated 
fuel load. 
Value CJ Temperature Ti Ab ove ( lb)  
(item F plus item Zl) 
(1) Fuel density = 0.0329456 - 
22. Specification Nominal 
23. Total Fuel Load ( l b )  L0.7 
(0.186979) (10-4) (T)  
(2) Uv = U (=)- w - Y  ( C  + S) ( Y  + X + 14.7) 
c I- *(3) FL + T (Q + R - U v  = V = B = B1 - T) 
*Z4. Secondary Fuel 
Load by PV ( lb)  . 
*If secondary fuel load is determined by PV calculation, then i n  equation three 
(3 ) ,  substitute item 24 fo r  item F. 
MSC-07765 (VOL. 11) 
4.3-9 
TABLE 413-6 






















A. Loading Temperature (OF) A. Tank Volume ( i n3 )  Q 0.0 ps ig  
A l .  L iqu id  Line Volume ( i n  ) 3 B. Tank Volume ( i n  ) @ 0.0 p s i g  
B. Tank Stretch Factor ( in3) /ps i )  0.045 B1. L i q u i d  Line Volume ( i n  ) 
3 
3 
Tank t r e t c h  Factor 
( i n  3 / ps i )  0.034 Primary Oxidizer 
I n i t i a l  Meight o f  Bleed U n i t  
P r i m  t o  Loading ( l b )  
F ina l  Weight o f  Bleed U n i t  
A f t e r  Loading ( l b )  
Resul t ing Load ( l b )  ( i tem D 
less i t em E) 
Spec i f i ca t i on  Nominal Load 
a t  70 +5OF ( l b )  
Volume o f  GHE-GSE Line ( in3) - 
3 Volume o f  SC GHE L ine ( i n  ) 
GSE L ine Pressure (psig) 
Bladder Pressure (psig) 
S tab i l i zed  Equi l ibr ium 
Primary L i q u i d  Close-Out 
Spec i f i ca t i on  Ul lage Q A Above 




3 M. Ul lage Volume ( i n  ). Solve the 
fo l lowing equation by s u b s t i t u t i n g  
the values contained i n  the i n d i -  
cated steps. 
u l l age  Volume = H (=)- L - K  
( C  + S) (L + K + 14.7) + S(M)- I 
N. Primary Fuel 
3 
Loading Temperature (OF) 
Tank Volume ( i n  ) Q 0.0 ps ig  
L iqu id  Line Volume ( i n3 )  
Tank Stretch Factor 
(i n3/psi ) 0.0652 
C. 
C1. L iqu id  Line Volume ( in3)  
D, Tank Stretch Factor ( i n3 /ps i )  0.088 
PV Parameters f o r  Combined 
P r i m a r y  and Secondary Oxidizer Tanks 











Volume o f  GHE-GSE Line (in') 
Volume o f  sc GHE Line ( in3)  
GSE Line Pressure (psig) 
Bladder Pressure (psi  g) 
Stabi 1 i zed  Equi 1 i b r i  um 
Pressure (ps i  g) 
Loading Temperature (OF) - 
Oxidizer Density ( lb / in3) .  Solve 
equation (4) below where T = 
temperature Q J Above. 
Speci f icat ion Value Q TemDerature J 
Minimum 
PV Calculated Oxidizer Load ( l b ) .  
Solve equations (5) and (6) below 
by subs t i t u t i ng  the values contained 
i n  the above ind icated s te  s where 
tanks and He system, and Fo = PV 
calculated ox id i ze r  load f o r  both 
tanks, 
U = volume o f  tank gas ( i n  e, ) i n  both 
Q . 3  
Speci f i cat ion Nomi nal  Val ue Q Tempera- 
t u r e  J Above ( l b )  
(4) Oxidizer Density = 0.451591(10-4) 
(5) U = E(%)- (B + D) ( I  + H + 14.7) 
(6) Fo = K(A + C + A1 + C1 - U + F) 
(11.8 - T) + 0.05475906 
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TABLE 4.3-6 (CONTINUED). -_ 
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD D 
Primary Fuel (Continued) 
equation (1) below where T = 
temperature @ P above ' 
T. Fuel Density (lb/in3). Solve 
PV Parameters and Combined 
Primary and Secondary Fuel Tanks 
U. volume of GHE-GSE Line (in31 
V. Volume of sc GHE Line (in31 
W. GSE Line Pressure ( p s i g )  
X. Bladder Pressure ( p s i g )  
Y.  Stabi 1 i zed E q u i  1 i b r i  um 
Pressure (psi g )  
Z. Specification PV Value (3 
Temperature P Above ( l b )  
Maxi mum 
Minimum 
21. PV Calculated Fuel Load ( lb )  
Solve equations ( 2 )  and (3) 
below by s u b s t i t u t i n g  the values 
contained i n  the above indicated 
steps where U v  = volume o r  
tanked gas ( i d )  i n  the primary 
tank and FL = PV calculated 
fuel load. 
22, Specification Nominal 
23. Total Fuel Load ( l b )  L0.7 
Value @ Temperature h Ab ove ( lb)  
(item F plus item Z1) 
(1) Fuel density = 0.0329456 - 
(0.186979) (10-4) (T)  
(2) Uv = U (E)- (C + S )  (Y + X + 14.7) - 
I- *(3) FL + T ( Q  + R - U v  = V = B = B1 - f) 
*Z4. Secondary Fuel 
Load by PV ( lb)  
*If secondary fuel load is determined by PV calculation, then i n  equation three 
MSC-07765 (VOL. 11) (3 ) ,  substitute item 24 fo r  item F. 
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TABLE 4.3-7 
S E R V I C E  MODULE RCS LOADING PARAMETERS AND CALCULATIONS - PSM 
T B S  
M S C - 0 7 7 6 5  (VOL. 11) 
4.3-1 2 
TABLE 4.3-8 
CSM RCS TANK VOLUMES 
COMMAND MODULE 111 RCS TANK VOLUMES 
Internal 
Gross Tank E q  u i  pmen t Net Tank 
Volume, in3 Volume, in3 Volume, in3 
Seri a1 
Number Sys tem 
System 1 8 
Fuel 




SERVICE MODULE 111 RCS TANK VOLUMES 
Internal 







Volume, in3 Sys tem 
Quad A 
Primary Oxidizer 




Primary Oxi d i  zer 










Secondary Oxi d i  zer 
Primary Fuel 
Secondary Fuel 





Fuel Tank 1 
Fuel Tank 2 
Fuel Tank 3 
Fuel Tank 4 
TABLE 4.3-8 (CONTINUED) 
CSM RCS TANK VOLUMES 
SERVICE MODULE 111 RCS TANK VOLUMES (CONTINUED) 
Ox id izer  Tank 1 
Ox id izer  Tank 2 
Ox id izer  Tank 3 
Oxi d i  zer Tank 4 
Ox id izer  Tank 5 
S e r i a l  
Number 
I n t e r n a l  
Gross Tank Equipment Net Tank 
Volume, i n 3  Volume, i n 3  Volume, i n 3  
MSC-07765 (VOL. 11) 
4.3-14 
TEMPERATURE ( O F )  
FIGURE 4.3-1. SM SECONDARY FUEL TANK ULLAGE VOLUME RANGE 
-- 


















64 65 66 67 6 8  69 70 71 72 73 74 75 76 
FUEL TEMPERATURE (OF): 
FIGURE 4.3-2. SM RCS PRIMARY FUEL TANK LOAD WINDOW 








OXIDIZER TEMPERATURE ( O F )  
FIGURE 4.3-3. SM RCS COMBINED PRIMARY-SECONDARY 
OXIDIZER TANK LOAD WINDOW 
MSC-07765 (VOL. 11) 
4.3-1 7 
TBS 
FIGURE 4.3-4. SM RCS COMBINED PSM FUEL LOADING WINDOW 
MSC-07765 (VOL. 11) 
4.3-18 
TBS 
FIGURE 4.3-5. SM RCS COMBINED PSM OXIDIZER FUEL LOADING WINDOW 
MSC-07765 (VOL. 11) 
4.3-19 
. 
FIGURE 4.3-6. CM RCS FUEL LOADING WINDOW 
MSC-07765 (VOL. 11) 
4.3-20 
FIGURE 4.3-7. 'CM RCS OXIDIZER LOADING WINDOW 
MSC-07765 (VOL. 11) 
4.3-21 
TABLE 5-1 
DOCKING MODULE CONSUMABLE LOADS 
TBS 
5-1 
Q U S. GOVERNMENT PRINTING OFFICE: 1973-779-474/ 1866 
